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ceccend] :.\.‘ Overview of project

* ANI Research project
« Started 9/2009
* Project ends in 9/2012
« Supports one postdoc at LBNL

« Study high performance network scalability in Earth
System Grid for distributed data access and
replication

SDM, CRD, LBNL Pl meeting, Mar. 2, 2012



100Gbps Network and Climate Community
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BERKELEY LAaB

* High performance network for climate community

* Distributed data access and replication around the world

« Meet the needs of national and international climate projects for
distributed datasets, data access, and data movement.

* Integrate highly publicized climate data sets using distributed storage
management, high-performance analysis environment, and high-
bandwidth wide-area networks.

+ “Replica Core Archive” — The Coupled Model Intercomparison Project,
Phase 5 (CMIP5) used for the Intergovernmental Panel on Climate
Change (IPCC) Fifth Assessment Report (ARS5) is estimated to
1.5-2PB.

- Climate model data is projected to exceed hundreds of Exabytes by
2020

« Climate100

* Research effort for 100Gbps network usage from data intensive
applications point of view

- Enable new capabilities for analysis of data and visual exploration
SDM, CRD, LBNL Pl meeting, Mar. 2, 2012 3
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 Dynamic transfer parameter adjustment model

- Large-scale climate data analysis on Cloud
computing with remote data access

« Climate analysis with remote data access over
RDMA

* Climate dataset replication performance
optimization

« Supercomputing 2011 — exploring climate data
access over 100Gbps network

SDM, CRD, LBNL Pl meeting, Mar. 2, 2012
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Dynamic transfer parameter
adjustment model
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,\‘ \ Distribution of Climate Files —
. Characteristics of datasets

EEEEEEEE

m

m

r
3

* More than 60-70% of typical
climate dataset files are less
than 200MB in file size. .. S

 More than 20-30% of |
typical climate
dataset files are less |
than 20MB in file size.
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. End-to-end performance requirements for
»'\r"‘ 100Gbps in climate dataset

« 100 Gbps =12.5 GB/sec, 45TB in an hour, 1.08PB in a day
« 12.5 GB per second

* 125 x 100MB files
* 625 x 20MB files
* 1,250 x 10MB files

« Extreme variance in file sizes affects end-to-end performance.

- Data i/o for so many files
* Need an extensive data management
* Need a big coordination between storage and network

* Assuming 60MB/sec per spinning disk, 12.5GB/sec needs ~200
disks in full speed, opening many files at once

SDM, CRD, LBNL Pl meeting, Mar. 2, 2012
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 Many solutions require kernel level changes
* Not preferred by the most domain scientists
* End-to-end bulk data movement

- Latency issue

.n‘ “Faster” Data Transfers

SDM, CRD, LBNL Pl meeting, Mar. 2, 2012
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« Application-level transfer protocol (i.e. GridFTP)
and tune-up for better performance:

* Using multiple streams
+ Adjusting buffer size
- Efficient utilization of available network capacity

* Level of parallelism in end-to-end data transfer

 Number of parallel data streams
 Number of concurrent data transfer operations
* Multiple streams puts extra system overhead

SDM, CRD, LBNL Pl meeting, Mar. 2, 2012
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Hide Area GridFTP Transfers
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* Might not reflect the current settings (dynamic
environment)

 What if network condition changes?
* Need multiple sample transfers (curve fitting)

* Need to probe the system and make measurements
with external profilers

 Does require a complex model for parameter
optimization

:.\.‘ Transfer parameter estimation

SDM, CRD, LBNL Pl meeting, Mar. 2, 2012



N

rreerrrer

...‘ Adaptive tuning

* Instead of predictive sampling, use data from the actual transfers
« Measure throughput for transferred data chunk
* Gradually increase the number of streams until it comes to an
equilibrium point
- Advantages

* No need to probe the system and make measurements with
external profilers
* Does not require any complex model for parameter optimization

- Adapts to changing environment
« Fast start with exponentially increasing the number of streams

 Disadvantages
« Overhead in changing parallelism level during the transfers

SDM, CRD, LBNL Pl meeting, Mar. 2, 2012
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Test results on adaptive tuning

alegennrn i T aswrw i e
=N
ER_- N = T rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
Il
% | | |
£ . *II | : .
= e ey : -
= e jI» |I+M i
== ‘I‘_'&:;_('.i;:;»G-I:J—;.;'('..'I'I:,.;IUMI\:.(L"""""""""""""""": """"""""""""""""""""""""""""""""""
I N e - S
IS b S SS e~ = e T e I
= e _ter= < & ww Secormad=s >
dgrearmic Tauarnimnne
—aa v
AT IS , ,
seo o T : ! | =
el ; e ||
E ... i W T T e
= & i | [ 1 | J Hl Fg s N
= [ ] E T ]!I I T i A 'Iﬂi‘rﬁ], ‘_] T Il B
= Saea -I»'l* 1 . 1 |—i|— =|| 'II.J” . : HE==1Y _.4:7_14-('!!;,.7» ‘,.:.:" ]
z L AR S . g A
—aa I JI*T, ek - - '!H‘?i<. e W %:I b e ) 35 el ]‘ R 5 b == I T ]
== i A H <3 18 i J 1Yy 4 T \ Py . Ll J |I ¥ | f
1ea |- l‘. I £ . L 1=t 1 !l ‘ . 1 B
: | TN
Time Steps <in Seconds>
legrrareE e TaswreE swer
o
Se-as | %Z.E.EF — ]
o= | +f"+ = _
= = e
= e -sac — = = 7
= = =
= Se—e-—aa | f s = —
= L e
= B L - L R e e i — e e B i et
g e e = ‘f et S S —
P == - z e »-——'-*'"‘MIJ“ —
D e o -o»—""f'::-*—" —-——'"f—f —
s R

EEHewe STtep= < imn Secorsd=>

SDM, CRD, LBNL Pl meeting, Mar. 2, 2012 14



thrmhpit Wz

5

A
reeococec| i

Observations (1)
e

waechi®, 04,4 ek, log / 19607 P4lar, 300,ARI74 & - & Fallara

wnech2,39,3 ok dap / 19607 (lac, 900, AM71 & - 4 Catlura

_Cped Frpr//pin 195, uel Inlarpi#A 1107 SR Flinc, 128,27300 61 = 1 'allora

1090 1290 _Cprifepz/ipto 1o, uelinl orpzo0 1107 €47 Iiine, |90, ARTIR &0 « 1 Iallra
Comiltps//pmed uel Inl arpzd@ 1907 €AN FLinc, 19, 79270 &0 « & I'allora Coriltps//oded uelinl arpzo0110: S0 Iiine, 128, ADMA &) < & I'alliea
L 1HN -
a s o
an i
an
]
£
i
3
i - -
o9 o9
e A TR A - ’
T e ’\W_}{ i o AT e g <= «mwaw‘q.
l‘v (
u- N i
v UMY DSUBHS UMY SMUMY  LAUUBY  HUBMU SRIUEY SUERAL JHANE Lo - AESUUY  UUBHS SHRAN  QEUBY  AUUNE  HUBSSU RSN SUSHS DsSUE Loy
[ — [T
k19,301, wemnk lag # 1987 Pilme, SH8,0017% 58 = 4 fallera Whech12, 16,3, mank, Lo £ 1987 (lar, S00,AM70 6 - 4 Eadlura
T p— - - Tepeitrpsoipinlat, ucl In] .arpian 107 =98 [1Iac, 141,0(874 & - 1 Fallurs
Cprl it B ek IndLarpson 11T (456 [1IAE, 178,79102 &) - 1 Iallura 1209 _ 5 % t X
1080 - AT tpsZoted,ued InlLarp:an 110 S81 F1Iac, 149,30800 &) - A Pl lura <geiftpif/gded,uclinl.orp:201007 €40 Fliec, 130,13086 &0 - @ Fallwrs
18 - 1
. [ ¢ e
§ £
3 i
: 32x1 i 16x2
¢ ran
P ]
£
E &
£ 3
4 - wr
54 o4 o— oty
e e g 4 n.,v",,7w1 o A A A A e
ot

¥ LUBH  ZBEUE  SIBBAL BB SHOUUE  BAIUBS  JBSUUE  BRUUBS  ube

Limtnene)

« Parallel streams vs. concurrent transfers
« Same number of total

SDM, CRD, LBNL

B LBMUE UUBHS BN GAUHS  SUUBY HUBEUU  SHUUBE SUBBA DMAIBY Lo
Limndmeon:)

thrmphpt W e

themphpt W

waech13, 16,4, mennk, Lap / 1997 Filar, 2088078 & = faflere

marchid, 0,0, monnt, lap /1787 (g, P70, 7R G - 2 Pallurs

L4pHI PR i 125, et In ], arps2N 1437 96 IEin, 138, 17209 @) - 1 Iallwrs

_SpEI Frpi/pdn 12, uel Ind,arpaa0 147 648 line, 142,100 &0 - 4 Fallurs

oriltps //.;mp uehinliarpzan 190 81 (1inc, 17,27684 @ - & Fallura

8x4

g I}
el t‘:,!rr*\fmwwﬁ
|

[ Lub

u

CUMUE B ABMAIN  UBAUNE BN JHMUY  BANRS NS
Linnmne)

Pl meeting, Mar. 2, 2012

throughput MB/sec

12 R Mtps//gie@ et Inl,arpsPRI00T €41 FEinn, 199,02239 &0 - @ I'allure 19 CoRirtps/Zpmed, uel Inlarpzan 1137 W7 FHIAe, 106,608 60 = 2 'allurs
1. - 1. -
L ; By -
§
16x4 i 8x8
;
i
.. = aa
3
E
H
- - -
oM ~ " o009
S 4 L b4y o1 g a8 Py
| SRS g s pres My w ...“,“-p% \‘
- |
v "
L] FLETLY Auyem B LU et Livny o Yy Ausem Letu
innimame) nn-(mn)
warch 0,4, weant, lop / 1287 Fline, 208,AM71 &0 - 1 sl lura norchld.4.0,.event . log / 1207 files, 200.00171 6B - 1 failure
Lopg - <orI Ry nlargzan 157 (44 e, 149,799%7 &0 - 1 I'allora 1200 <gsiftp://gdo126,ucllnd .org:2011>: 570 files, 139,09334 G - 1 failure

<geiftpi//gdo2,uclinl orgi2011>: 629 files, 146,90836 G8 ~ 0 failure

- 4x8

400

200

PRt ’WMMWM

© 100060 200000 390000 400000 500000 600000 700000 ©0000 008000 lesBt

tine(nsec)

streams, but different number of concurrent connections



5

Observations (2)

A
Frreereer ’m

B B < B EPCERrgrTs B L STewws > € e =% > W R s earasgstagas T

- -
- ===
. e -
TeEREREn B — — —— =— = - ————an == — =
e ———
s -—mzs
—mes=res -
s erErEn e = =
——— —_— E T S as .
B S —_— === reszs
-
——ii —sereras e -
e e
= —mZrases
AR AR e
§ —ereres ZSSTESE -1
SR TER-mIBER =
EABE BEBIBEEEREE
R e N
TEerErE O B N
= erEnEn -1
B —
-
== —= - - - xs - = - = = - == = == = - R = s
TCP streams
e mc 2o L <CaeOoGhp = TERrw= D> Cpruat S D> T hhrrowushpaat
o s - - - - - - - - - - - - - s - - - - - s b - - - - > s -
A S>3
rTOoaBSIS .
B =
Teue
SO0
.’E- Seuoo
e
=
% =l =
— Soeoa
20090
E R =l 1=]
Py = - > =

= = = = = = = = = = = = =
G B8 160 17 14916 18 20 22 2 26 25 SO S35 S 56 S5 a0 Al aa A [ans S0 S Sa 56 58 60 62 6
TCP streams

(b)
« Latency directly affects the behavior of the throughput performance curve.
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 The relationship between the
number of multiple streams
and the throughput gain
can be approximated by
a simple power-law model.

Observations (3)

 Power-law approximation
models the behavior of
the multiple streams vs
throughput in the first
part where 80% of the
achievable throughput
Is reached
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Log-log graph: total throughput vs. number of streams
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_ Simple throughput prediction model
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(e) RTT=70ms, (f) RTT=140ms (c=100, (n/c)<1, k =300 max RRT)
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Supercomputing 2011
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BERKELEY LaB

 Use of maximum available bandwidth for the movement
of climate data over 100Gbps network

« Address data management challenges, in terms of

 High bandwidth networks
« Usability of existing transfer protocols and middleware tools

 How applications can adapt and benefit from next generation
networks

 Performance analysis of end-to-end data movement

* Detailed profiling of the data transfer applications

« Memory usage, number of context switches, time spent waiting I/O
completion, user and system time, call graph of system calls, and time
spent in each user operation

« Expected that inefficient use of end system resources would be the major
bottleneck in high-bandwidth networks

SDM, CRD, LBNL Pl meeting, Mar. 2, 2012 20



% SC’11 demo

- Expected challenges

* Irregular file size distribution in each dataset
* Protocol overhead

* Using existing tools in 100 Gbps networks

« Performance problem and scalability issues
 Management and tuning of multiple hosts
* Multiple streams for increased utilization
* Performance monitoring in host systems
 Memory overhead / CPU usage
« System bottleneck in end-to-end transfers

 Measured performance of end-to-end data movement

+ Developed a measurement tool for profiling and measuring end-to-end
performance

SDM, CRD, LBNL Pl meeting, Mar. 2, 2012
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« Same distance, and latency is still the problem

<:> - * Keep the pipe full?

 Parallelism
* Pipelining
« ?7??

100Gbps pipe 10Gbps pipe

« performance measurement

X * Minimize system overhead for
e
‘equest @ 42t network performance

—_——°Chddatg « Minimize the control
§* messages

+ Aggregate requests

s’, * Pre-processing and post-

processing at the end nodes

SDM, CRD, LBNL Pl meeting, Mar. 2, 2012 22
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Data block communication

Virtual file Virtual file
Requests
¢/,,,,’—”’ _—
<> retrieve memory blocks
-
Divided into -_ 3
multiple tasks
e .
reserve a set of Front-end: Process data
memory blocks
-
Use multiple streams
l Process the task to transfer data over release memory blocks
Process the network
<> tasks —
Memory blocks
are ready
. Each block has a
header:

! . information about the

i.e. read data blocks Back-end task and the request
from files — (independent . data size, index, etc.

from front-end)

SDM, CRD, LBNL Pl meeting, Mar. 2, 2012 23
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 Testbed for demo

« LBNL/NERSC

« ANL/ALCF

« ORNL/OLCF

 Each node with 10 Gbps connection

« IPCC AR4 CMIP3: ~35TB

« From NERSC to ANL over 100Gbps
* Disk to memory

From NERSC to ORNL over 100Gbps
* Disk to disk

Over TCP

No TCP tuning (rely on system param)
4MB block size

« 8 streams for each connection

SDM, CRD, LBNL Pl meeting, Mar. 2, 2012
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100Gbps Testbed for SC’11

100 Gbps
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,.f.\. Demo results

Scaling the Earth System Grid to 100Gbps Networks (LBNL)

Presenters: Alex Sim and Mehmet Balman (LBNL Computational Research Division)
Venue: Booth 512

Climate change research is one of the critical data intensive sciences, and the amount of data is continuously growing. Climate
simulation data is geographically distributed over the world, and it needs to be accessed from many sources for fast and efficient
analysis and intercomparison of simulations. This demonstration will leverage a 100 Gbps link connecting the National Energy
Research Scientific

more

Live demo stats
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Topology Paths: NERSC -> ANL NERSC -> ORNL
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00:05 00:10 00:15
anl-anyinterface/1_1_l/in anl-anyinterface/l_1_ljout
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